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(54) Hybrid vehicle drive system having two motor generator units and engine starting means 

(57) A hybrid drive system for a motor vehicle, 
including an engine (12) operated by combustion of a 
fuel, a first motor/generator (16). a distributing mecha- 
nism (20) for mechanically distributing an output of the 
engine to the first motor/generator and an output mem- 
ber (18. 60). a second motor/generator (22) whose 
rotary force is transferred to a power transmitting path 
between the output member and a drive wheel (76) of 
the motor vehicle, and wherein an engine starting 
device (42. S3. Q3, R2, SA3) is provided for operating 
the first motor/generator (16) to crank the engine (12) 
through the distributing mechanism (20), for thereby 
starting the engine (12). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates in general to a hybrid 
drive system for driving a motor vehicle, which has an 
engine and a motor/generator as drive power sources, 
and more particularly techniques for starting the engine. io 

Discussion of the Related Art 

There is known a hybrid drive system for a motor 
vehicle, which includes (a) an engine operated by com- 75 
bustion of a fuel, (b) a first motor/generator, (c) a distrib- 
uting mechanism for mechanically distributing an output 
of the engine to the first motor/generator and an output 
member, (d) a second motor/generator whose rotary 
force is transferred to a power transmitting path 20 
between the output member and a drive wheel of the 
motor vehicle. An example of such a hybrid drive sys- 
tem is disclosed in JP-A-50-30223. wherein the distrib- 
uting mechanism consists of a planetary gear device, 
and the rotary force of the second motor/generator is 25 
transferred to the output member. In this hybrid drive 
system, the first motor/generator is used exclusively as 
an electric generator to charge an electric energy stor- 
age device such as a battery with an electric energy, 
while the second motor/generator is used exclusively as 30 
an electric motor for driving the vehicle, either alone or 
in cooperation with the engine. Generally an electric 
generator may be used as an electric motor, while an 
electric motor may be used as an electric generator. In 
this sense, the term "motor/generator" is used herein. 35 

The above-identified publication JP-A-50-30223 
does not refer to a manner of starting the engine. 

SUMMARY OF THE INVENTION 

40 

It is an object of the present invention to provide a 
hybrid vehicle drive system of mechanical distribution 
type which has an engine, a first motor/generator, a dis- 
tributing mechanism and a second motor/generator, 
and which has engine starting means for suitably start- 4S 
ing the engine. 

The above object may be achieved according to a 
first aspect of this invention, which provides a hybrid 
drive system for a motor vehicle, comprising: (a) an 
engine operated by combustion of a fuel; (b) a first so 
motor/generator; (c) a distributing mechanism for 
mechanically distributing an output of the engine to the 
first motor/generator and an output member operatively 
connected to a drive wheel of the motor vehicle; (d) a 
second motor/generator whose rotary force is trans- 55 
ferred to a power transmitting path between the output 
member and the drive wheel; and (e) engine starting 
means for operating the first motor/generator to crank 
the engine through the distributing mechanism, for 


thereby starting the engine. 

In the hybrid drive system constructed according to 
the first aspect of this invention, the engine is cranked 
by the first motor generator through the distributing 
mechanism, whereby the engine is started by the first 
motor/generator The present hybrid drive system does 
not require an exclusive engine starter, and is accord- 
ingly available at a reduced cost owing to reduction in 
the number of the required components. 

In the present hybrid drive system, an electrical 
energy storage device can be charged by the first 
motor/generator, which is operated as an electric gener- 
ator by an output of the engine transferred thereto 
through the distributing mechanism. To start or fire the 
engine, the first motor/generator is operated as an elec- 
tric motor to crank the engine through the distributing 
mechanism. However, the first motor/generator may be 
used as a drive power source for driving the vehicle. On 
the other hand, the second motor/generator is used pri- 
marily as an electric motor or a drive power source for 
driving the vehicle, either alone or in cooperation with 
the engine. The second motor/generator may be used 
as an electric generator for charging the electric energy 
storage device by regenerative braking, while applying a 
brake to the vehicle, like an engine brake. 

The distributing mechanism is preferably a gear 
type mechanism having three rotary members, such as 
a planetary gear device or a bevel gear type differential 
gear device, and may include clutches as needed, for 
example, a clutch for selective connection and discon- 
nection between the engine and the first motor/genera- 
tor, and a clutch for selective connection and 
disconnection between two of the three rotary mem- 
bers. Where a planetary gear device having a sun gear, 
a carrier and a ring gear is used as the distributing 
mechanism, the sun gear, carrier and ring gear are con- 
nected to the appropriate ones of the engine, first 
motor/generator and output member. For instance, the 
carrier is connected to the engine, while the sun and 
ring gears are connected to the first motor/generator 
and the output member, respectively. A damper includ- 
ing an elastic member such as a spring or rubber mem- 
ber may be disposed between the engine and the 
distributing mechanism, for absorbing a variation in the 
rotary motion of the engine. An appropriate power trans- 
mitting mechanism such as a gear device may be dis- 
posed between the distributing mechanism and the 
engine, and/or between the distributing mechanism and 
the first motor/generator. 

The second motor/generator is adapted to transfer 
its rotary motion or force to the power transmitting path 
between the output member and the vehicle drive 
wheel. A single second motor/generator may be pro- 
vided for the output member. Alternatively, two or more 
second motor/generator units may be provided for a plu- 
rality of vehicle drive wheels, respectively In this latter 
case, two or more assemblies each including the distrib- 
uting mechanism, first motor/generator and second 
motor/generator are provided for respective vehicle 
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drive wheels, while a single engine is provided for these 
assennblies. A clutch may be provided between the sec- 
ond motor/generator and the output member or any 
member operatively connected to the drive wheel. 

According to one preferred form of the first aspect 
of the invention, the hybrid drive system further com- 
prises drive force variation restricting means for restrict- 
ing a variation in a vehicle drive force due to a reaction 
force which acts on the output member upon starting of 
the engine by the engine starting means. 

When the engine is cranked by the first motor/gen- 
erator through the distributing mechanism, a reaction 
force may act on the output member due to a resistance 
(e.g., frictional resistance) to rotation of the engine, or 
an output of the engine or first motor/generator (operat- 
ing as the motor) may act on the output member imme- 
diately after starting or firing of the engine, whereby 
there may arise a variation in the drive force driving the 
vehicle, unexpectedly to the vehicle operator and pas- 
sengers. In the light of this phenomenon, the drive force 
variation restricting means is provided according to the 
above preferred form of the hybrid drive system, for the 
purpose of at least restricting such possible variation of 
the vehicle drive force upon starting of the vehicle, 
which would otherwise give a discomfort to the vehicle 
operator and passengers. 

In a first advantageous arrangement of the above 
preferred form of the hybrid drive system, the drive force 
variation restricting means comprises parking lock 
means for mechanically locking the drive wheel by 
manipulation of an operator's controlled operating mem- 
ber. 

The parking lock means may include a parking 
brake which is operated by the operator's controlled 
operating member such as a parking brake lever, to 
mechanically lock the drive wheel of the vehicle. Where 
the hybrid drive system includes shift position selecting 
means such as a shift lever having a forward-drive posi- 
tion (D), a reverse-drive position (R). and a parking posi- 
tion (P). the parking lock means may include a 
mechanical parking lock mechanism which is adapted 
to mechanically lock the vehicle (hold the vehicle sta- 
tionary) when the shift position selecting means is oper- 
ated to the parking position. The drive force variation 
restricting means preferably include means for checking 
if the parking lock means is in the operated position for 
mechanically locking the vehicle, prior to an operation of 
the engine starting means, and means for prompting the 
vehicle operator to operate the parking lock means if the 
vehicle is not mechanically locked by the parking lock 
means. 

In a second advantageous arrangement, the drive 
force variation restricting means comprises engine start 
motor control means for controlling the second 
motor/generator so as to offset the variation In the vehi- 
cle drive force upon starting of the engine by the engine 
starting means. 

The engine start motor control means is adapted to 
control the torque (including regenerative braking 


torque) of the second motor/generator, so as to absorb 
or prevent a variation in the vehicle drive force, even 
when the output member is subjected to a reaction force 
due to a resistance (e.g., frictional resistance) to rota- 

5 tlon of the engine, or due to an influence of an output of 
the engine or first motor/generator immediately after 
starting or firing of the engine. The engine start motor 
control means is capable of restricting the vehicle drive 
force variation even when the engine is started during 

7p running of the vehicle. For instance, the first motor/gen- 
erator may be controlled by the engine start motor con- 
trol means during running of the vehicle by the second 
motor/generator as a single drive power source. In this 
case, the first motor/generator placed In a non-load or 

15 free state is rotated in the reverse direction such that its 
regenerative braking torque is controlled by the engine 
start motor control means, or a torque applied to the first 
motor/generator in the fonward direction is controlled by 
the engine start motor control means, whereby the 

20 engine can be cranked and started through the distrib- 
uting mechanism. In this instance, a portion of the out- 
put of the second motor/generator is consumed by 
rotation of the engine. Therefore, the second motor/gen- 
erator is operated to provide a total output which is 

25 larger than the power required for driving the vehicle, 
and the engine is driven by surplus power which is 
equal to the total output of the second motor/generator 
minus the required power for driving the vehicle. Thus, 
the engine start motor control means can restrict a pos- 

30 sible variation in the vehicle drive force upon starting of 
the engine during running of the vehicle. The engine 
start motor control means may be desirably adapted to 
reduce the output of the second motor/generator when 
the output of the engine temporarily is transferred to the 

35 output member immediately after the starting or firing of 
the engine. r-.^ 

Thus, the engine start motor control means accord- 
ing to the second advantageous arrangement is 
adapted to operate the second motor/generator for off- 

40 setting or absorbing the drive force variation upon start- 
ing of the engine, and Is effective not only when the 
vehicle Is stationary, as in the above first advantageous 
arrangement (and in a third advantageous arrangement 
which will be described), but also when the vehicle is 

45 running. The engine start motor control means accord- 
ing to this second advantageous arrangement simply 
controls the second motor/generator to restrict the drive 
force variation, and does not require the vehicle opera- 
tor to manipulate any operator's controlled operating 

50 member as required in the first advantageous arrange- 
ment using the parking lock means. Accordingly, the 
engine start motor control means reduces the opera- 
tor's load upon starting of the engine, and the hybrid 
drive system is simpler in construction and more eco- 

55 nomlcal to manufacture than the hybrid drive system 
according to the third advantageous arrangement using 
the engine start braking means. 

In a third advantageous arrangement, the drive 
force variation restricting means comprises engine start 
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braking means for automatically mechanically braking 
the drive wheel prior to starting of the engine by the 
engine starting means. 

The engine start braking means according to the 
above third advantageous arrangement is adapted to s 
automaticaify brake the drive wheel of the vehicle upon 
starting of the engine. Thus, the vehicle operator's load 
is smaller in the present third advantageous arrange- 
ment than in the first advantageous arrangement which 
requires the vehicle operator to manipulate the operat- 10 
ing member for operating the parking lock means. Fur- 
ther, the engine start braking means is simpler in its 
control and permits more stable locking of the vehicle 
drive wheel than the engine start motor control means 
adapted to control the second motor/generator. This 75 
engine start braking means Is operable even when the 
electric energy stored In an electric energy storage 
device is insufficient (even when this insufficiently 
charged storage device is charged by the motor/gener- 
ator by operation of the engine), or even when the 20 
hybrid drive system is placed in the neutral or parking 
position in which the second motor/generator cannot be 
used to restrict the vehicle drive force variation. Where 
the second motor/generator and the drive wheel are 
mechanically directly connected to each other, the 25 
hybrid drive system is generally adapted to inhibit, for 
safety, the operation of the second motor/generator (or 
hold the second motor/generator in the non-load or free 
state) when the drive system is placed in the neutral or 
parking position. 30 

The engine start braking means may Include a 
hydraullcally operated or other wheel brake provided for 
a vehicle drive wheel or idler wheel, or a hydraullcally 
operated or other friction brake provided in a power 
transmitting path terminating at the vehicle drive wheel. 35 
In this case, the engine start braking means Includes a 
hydraulic circuit having a solenoid-operated switching 
valve or an electrically operated pump, and is adapted 
to control the switching valve or operate the pump for 
delivering a pressurized fluid to actuate the wheel brake 40 
or friction brake, prior to starting of the engine, for apply- 
ing brake to the drive wheel and/or idler wheel of the 
vehicle to thereby hold the vehicle stationary. The 
engine start braking means may use any other type of 
brake adapted to produce a braking force. Where the 45 
vehicle is provided with a parking lock mechanism 
which is actuated to lock the vehicle when the hybrid 
drive system is placed in the parking position, it is desir- 
able to actuate the engine start braking means to hold 
the vehicle stationary, when the engine is started while so 
the drive system is placed in the drive position (fonA^ard- 
drive or reverse-drive position D, R) or the neutral posi- 
tion (NO). 

According to a fourth advantageous arrangement of 
the above preferred form of the Invention Including the 55 
drive force variation restricting means, means Is pro- 
vided for inhibiting an operation of the drive force varia- 
tion restricting means when a running speed of the 
motor vehicle is higher than a predetermined threshold. 


In the above arrangement, the engine Is started by 
the engine starting means without operation of the drive 
force variation restricting means when the vehicle 
speed Is higher than the predetermined threshold. 
Although some variation in the vehicle drive force may 
arise due to a reaction force upon starting of the engine 
during running of the vehicle at a relatively high speed, 
an influence of this drive force variation is smaller than 
when the vehicle Is stationary or running at a relatively 
, low speed. That is. the degree of discomfort given to the 
vehicle operator by the drive force variation is compara- 
tively small when the vehicle is running at a relatively 
high speed. The threshold of the vehicle speed Is deter- 
mined so that a variation In the vehicle drive force due to 
a reaction force upon starting of the engine during run- 
ning of the vehicle will not give the vehicle operator a 
discomfort upon starting 0I the engine by the engine 
starting means. 

The object Indicated above may also be achieved 
according to a second aspect of this invention, which 
provides a hybrid drive system for a motor vehicle, com- 
prising: (a) an engine operated by combustion of a fuel; 
(b) a first motor/generator; (c) a distributing mechanism 
for mechanically distributing an output of the engine to 
the first motor/generator and an output member opera- 
tively connected to a drive wheel of the motor vehicle; 
(d) a second motor/generator whose rotary force is 
transferred to a power transmitting path between the 
output member and the drive wheel; (e) an engine 
starter motor for starting the engine; and (f) engine 
starting means for operating the engine starter motor to 
crank the engine without a rotary motion being trans- 
ferred to the distributing mechanism and while the first 
motor/generator is placed in a non-load state, for 
thereby starting the engine. 

In the hybrid drive system constructed according to 
the second aspect of this Invention, the engine is started 
by the engine starter motor, which is exclusively pro- 
vided for starting the engine. When the engine is 
started, the first motor/generator Is placed in the non- 
load state In which the first motor/generator Is freely 
rotatable. When the engine Is cranked by the engine 
starter motor, the first motor/generator is rotated, 
whereby the output member and the drive wheel are 
prevented from being subjected to a drive force. Accord- 
ingly, the present hybrid drive system is effective to pre- 
vent a possible variation in the vehicle drive force upon 
starting of the engine, and prevent a discomfort which 
would be otherwise given to the vehicle operator and 
passengers upon starting of the engine not only when 
the vehicle Is running but also when the vehicle is sta- 
tionary. 

The engine starter motor is preferably adapted to 
be operated by an electric energy supplied from an 
electric energy storage device of low-voltage type (e.g.. 
12V) as generally provided on a common engine-driven 
vehicle. In this case, the electric energy storage device 
is desirably provided with external terminals for connec- 
tion through a booster cable to an electric energy stor- 
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age device on an engine-driven vehicle so that the 
insufficiently charged storage device of the hybrid drive 
system can be charged. Therefore, the engine starter 
motor can be operated to start the engine after the 
insufficiently charged storage device is sufficiently 5 
charged. Thus, the first motor/generator can be oper- 
ated as the electric generator by the started engine, to 
charge an electric energy storage device of high-voltage 
type which is provided for operating the second 
motor/generator to drive the vehicle. The low-voltage w 
storage device used for the engine starter motor may 
also be used as a power source for operating an air con- 
ditioner or other device optionally provided on the vehi- 
cle. Further, the low-voltage storage device may be 
adapted to be charged by the first motor/generator 75 
through a voltage converter device. 

The engine starter motor need not be necessarily 
operated upon starting of the engine. That is, the engine 
starter may be operated only when the high-voltage 
storage device indicated above is insufficiently charged 20 
and cannot operate the first motor/generator. In this 
case, the engine is started by the engine starter motor 
while the first motor/generator is held in the non-load 
condition. The engine starter motor may be used as a 
secondary drive source for cranking the engine, as 2s 
needed, namely, to assist the first motor/generator as 
needed for starting the engine. 

The object indicated above may also be achieved 
according to a third aspect of this invention, which pro- 
vides a hybrid drive system for a motor vehicle, compris- 3o 
ing: (a) an engine operated by combustion of a fuel; (b) 
a first motor/generator; (c) a distributing mechanism for 
mechanically distributing an output of the engine to the 
first motor/generator and an output member operatively 
connected to a drive wheel of the motor vehicle; (d) a 35 
second motor/generator whose rotary force is trans- 
ferred to a power transmitting path between the output 
member and the drive wheel of the motor vehicle; (d) a 
clutch disposed between the output member and the 
drive wheel and having an engaged position for con- 40 
necting the output member to the drive wheel and a 
released position for disconnecting the drive wheel from 
the output member; and (e) engine starting means for 
operating at least one of the first motor/generator and 
the second motor/generator to crank the engine while 4S 
the clutch is placed in the released position, for thereby 
starting the engine. 

In the hybrid drive system constructed according to 
the third aspect of the invention, the engine is started by 
first releasing the clutch disposed between the output so 
member and the vehicle drive wheel for disconnecting 
the output member from the drive wheel, and then oper- 
ating at least one of the first motor/generator and the 
second motor/generator. Therefore, this hybrid drive 
system does not give the vehicle operator and passen- ss 
gers a discomfort due to a variation in the vehicle drive 
force upon starting of the engine, if the engine is started 
when the vehicle is stationary. During running of the 
vehicle, the engine is generally started with the clutch 
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held in the engaged position, but may be started by tem- 
porarily releasing the clutch. 

The hybrid drive system according to the third 
aspect of the invention may further comprise an engine 
starter motor for starting the engine, and motor assist- 
ing means for operating the engine starter to assist the 
first motor/generator and/or the second motor/generator 
to start the engine when the motor vehicle is in a prede- 
termined condition, for instance, when the engine can- 
not be started by the first motor/generator and/or the 
second motor/generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features, advan- 
tages and industrial and technical significance of the 
present invention will be better understood by reading 
the following detailed description of presently preferred 
embodiments of the invention, when considered in con- 
nection with the accompanying drawings, in which: 

Fig. 1 is an elevational view in cross section of a 
hybrid drive system according to one embodiment 
of this invention; 

Fig. 2 is a schematic view illustrating the hybrid 
drive system of Fig. 1 ; ^. 
Fig. 3 is a block diagram indicating a control 
arrangement of the hybrid drive system of Fig. t;. 
Fig. 4 is a flow chart illustrating an operation of the 
hybrid drive system of Fig. 1 to start an engine; 
Fig. 5 is a schematic view corresponding to that of 
Fig. 2. illustrating a hybrid drive system according 
to a second embodiment of the invention; 
Fig. 6 is a flow chart illustrating an operation of the 
hybrid drive system of Fig. 5 to start an engine; ^" 
Fig. 7 is a flow chart illustrating an operation of a 
hybrid drive system to start an engine according to 
a third embodiment of the invention; 
Fig. 8 is a schematic view illustrating a fourth 
embodiment of this invention; 
Fig. 9 is a flow chart illustrating an engine starting 
operation in the embodiment of Fig. 8; 
Fig. 10 is a schematic view illustrating a fifth 
embodiment of this invention; 
Fig. 11 is a view for explaining a relationship 
between the position of a shift lever, and the operat- 
ing states of motor/generators and an engine 
starter, in starting an engine in the embodiment of 
Fig. 10; 

Fig. 12 is a flow chart illustrating an engine starting 

operation in the embodiment of Fig. 10; 

Fig. 13 is a schematic view illustrating a sixth 

embodiment of the invention; 

Fig. 14 is a view for explaining a relationship 

between the shift lever position and the operating 

states of motor/generators and engine starter, in 

starting an engine in the embodiment of Fig. 13; 

Fig. 15 is a flow chart illustrating an engine starting 

operation in the embodiment of Fig. 13; 
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Fig. 16 is a schematic view illustrating a seventh 
embodiment of the invention; and 
Fig, 1 7 is a flow chart illustrating an engine starting 
operation in the embodiment of Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to the cross sectional view of Fig. 1 
and the schematic view of Fig. 2. there is shown a 
hybrid drive system 10 for a motor vehicle, which is con- 
structed according to a first embodiment of the present 
invention. The hybrid drive system 10 includes: an 
engine 12 such as an internal combustion engine, which 
is operated by combustion of a fuel; a damper 14 of 
spring type adapted to absorb a fluctuation in the rotary 
motion of the engine 12; a first motor/generator 16; an 
output member 18; a distributing mechanism 20 of plan- 
etary gear type which receives an output of the engine 
12 through the damper 14 and which mechanically dis- 
tributes the received engine output to the first 
motor/generator 16 and the output member 18; and a 
second motor/generator 22 whose rotary motion or 
force is transferred to the output member 18. The 
engine 12. damper 14, distributing mechanism 20 and 
first motor/generator 16 are disposed coaxially with 
each other and are, arranged in the axial direction, while 
the second motor/generator 22 is disposed coaxially 
with and radially outwardly of the damper 14 and distrib- 
uting mechanism 20. 

The distributing mechanism 20 is a single pinion 
type planetary gear device which includes, as three 
rotary elements, a sun gear 20s connected to a motor 
shaft 24 of the first motor/generator 16, a carrier 20c 
connected to the damper 14. and a ring gear 20r con- 
nected to a rotor 22r of the second motor/generator 22. 
The output member 18 is bolted to the rotor 22r of the 
second motor/generator 22. for rotation with the rotor 
22r, and is connected to the ring gear 20r of the distrib- 
uting mechanism 20 through the rotor 22r. The output 
member 18 has an output gear 26. The output gear 26 
is operatively connected to right and left drive wheels of 
the motor vehicle, through a large gear 30 and a small 
gear 32 mounted on an intermediate shaft 28. and a dif- 
ferential gear device 34 of bevel gear type, so that a 
rotary motion of the output shaft 1 8 is transferred to the 
drive wheels at a given speed reduction ratio. 

The first motor/generator 16 and the second 
motor/generator 22 are electrically connected to an 
electric energy storage device 40 of high-voltage type 
(e.g., 288V) through a first motor/generator control unit 
(first M/G control unit) 36 and a second motor/generator 
control unit (second M/G control unit) 38, respectively. 
Each of these first and second motor/generators 16, 22 
has a DRIVE state, a CHARGING state, and a NON- 
LOAD or FREE state, which are selectively established 
or selected. In the DRIVE state, the motor/generator 16. 
22 is operated as an electric motor to provide a prede- 
termined torque, with an electric energy being supplied 


thereto from the storage device 40. In the CHARGING 
state, the motor/generator 16. 22 is operated as an 
electric generator or dynamo, by regenerative braking 
(electrical braking torque of the motor/generator per se). 

5 so as to charge the storage device 40 with the electric 
energy. In the NGN- LOAD or FREE state, the 
motor/generator 16, 22 is placed in a non-load condition 
permitting free rotation of the motor shaft 24 and rotor 
22r. These motor/generators 16. 22 are controlled by 

10 the respective first and second M/G control units 36, 38, 
which in turn are controlled by a controller 42 as indi- 
cated in the block diagram of Fig. 3. The controller 42 
also controls the engine 12, more specifically, the 
amount of fuel injection, throttle valve opening and igni- 

75 tion timing of the engine 12, to thereby control the oper- 
ating condition of the engine 12 such as the operating 
speed and torque. 

The controller 42 includes a microcomputer incor- 
porating a central processing unit (CPU), a random- 

20 access memory (RAM) and a read-only memory 
(ROM). The controller 42 is adapted to perform data 
processing operations according to control programs 
stored in the ROM. so as to place the present hybrid 
drive system 1 0 in a selected one of operating modes 

25 which include: a MOTOR DRIVE mode in which only the 
second motor/generator 22 is operated as a drive power 
source to drive the vehicle while the first motor/genera- 
tor 16 is placed in the NON-LOAD state; a CHARG- 
ING • ENGINE DRIVE mode in which only the engine 12 

30 is operated as a drive power source to drive the vehicle 
while the first motor/generator is operated as an electric 
generator by the engine 1 2 to charge the electric energy 
storage device 40, with the second motor/generator 22 
placed in its NON-LOAD state; an ENGINE • MOTOR 

35 DRIVE mode in which the engine 12 and the second 
motor/generator 22 are operated as drive power 
sources to drive the vehicle while the first motor/motor 
1 6 is operated as an electric generator by the engine 1 2 
and the second motor/generator 22 to charge the stor- 

40 age device 40; a REGENERATIVE BRAKING mode 
which is established during running of the vehicle in the 
MOTOR drive mode, and in which the second generator 
22 is operated by an electric generator so as to apply a 
regenerative brake to the vehicle; and a CHARGING 

45 mode which is established while the vehicle is station- 
ary and in which the first motor/generator 16 is operated 
as an electric generator by the engine 12 to charge the 
storage device 40. The CHARGING mode is selected 
when the vehicle is parked or otherwise stationary. The 

50 controller 42 is adapted to execute an engine start con- 
trol routine as illustrated in the flow chart of Fig. 4. as 
needed, in which the engine 12 is started by the first 
motor/generator 16, to place the hybrid drive system 10 
in the CHARGING mode, for example. 

55 The engine start control routine illustrated in the 
flow chart of Fig. 4 is initiated with step 81 to determine 
whether an ENGINE START command is present. For 
instance, this ENGINE START command is generated 
when the vehicle operator desires to establish the 
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CHARGING mode to charge the electric energy storage 
device 40 while the vehicle is held stationary. If an 
affirmative decision (YES) is obtained in step Si . the 
control flow goes to step S2 to determine whether a 
PARKING BRAKE switch 44 (Fig. 3) is ON. The PARK- 5 
ING BRAKE switch 44 is turned ON when a parking 
brake operating member 54 is in an operated position. 
As indicated in Fig. 3, the parking brake operating mem- 
ber 54 is operated to actuate a parking brake 52 pro- 
vided for the vehicle wheels for applying parking brake w 
to the vehicle. When the switch 44 is arranged to be ON 
when the braking brake 52 is actuated. The braking 
brake 52 functions as drive force variation restricting 
means for restricting a variation in the vehicle drive 
force due to a reaction force acting on the output mem- 75 
ber 18 upon starting of the engine 12. more precisely, 
parking lock means for mechanically locking the vehicle 
wheels by manipulation of the parking brake operating 
member 54. 

If the PARKING BRAKE switch 44 is OFF. that is. if 20 
a negative decision (NO) Is obtained in step S2. the 
control flow goes to step 84 to provide an indication 
prompting the vehicle operator to operate the parking 
brake operating member 54 to actuate the parking 
brake 52. Steps S2 and 84 are repeatedly implemented 2s 
until an affirmative decision (YES) is obtained in step 
S2. that is. until the PARKING BRAKE switch 44 is 
turned ON (i.e.. until the parking brake 52 is actuated). 
When the affirmative decision (YES) is obtained in step 
82, the control flow goes to step 83 to operate the first so 
motor/generator 16 for transferring a rotary motion to 
the engine 12 at rest through the distributing mecha- 
nism 20, to thereby start or fire the engine 12. When the 
PARKING BRAKE switch 44 is ON. that is. when the 
parking brake 52 is in the operated state, the ring gear 3s 
20r of the distributing mechanism 20 is prevented from 
rotating. In this state, an operation of the first motor/gen- 
erator 16 in the fonA/ard direction will cause the engine 
12 to be operated in the forward direction, more pre- 
cisely, cause the crankshaft of the engine 12 to be 40 
rotated in the forward direction, at a speed determined 
by the gear ratio of the distributing mechanism 20. 
whereby the engine 12 is fired or started if the fuel injec- 
tion and the ignition timing of the engine 12 are suitably 
controlled while the engine 12 is cranked by the first 4s 
motor/generator 16. An optimum value of the torque or 
electric current of the first motor/generator 16 upon 
operation thereof to start the engine 12 is empirically 
determined by experimentation, so as to permit stable 
starting or firing of the engine 12. and is stored in a so 
memory device 46 (Fig. 3). so that the first motor/gener- 
ator 16 is suitably operated in step S3 to start the 
engine 1 2. It will be understood that a portion of the con- 
troller 42 assigned to implement step S3 of the routine 
of Fig. 4 constitutes engine starting means for starting 55 
the engine 12 by operation of the first motor/generator 
1 6 to crank the engine 1 2 through the distributing mech- 
anism 20. 

As described above, the hybrid drive system 10 of 


the present first embodiment of the invention is adapted 
to start the engine 12 by operation of the first 
motor/generator 16. whereby an engine starter exclu- 
sively used for starting the engine 12 is not necessary. 
Accordingly, the number of the required components of 
the hybrid drive system 10 is reduced, and the cost of 
manufacture is accordingly reduced. 

When the engine 12 is cranked by the first 
motor/generator 16 through the distributing mechanism 
20, a reaction force may act on the output member 18 
due to a resistance (e.g.. frictional resistance) to the 
rotary motion of the engine 12, or the output of the 
started engine 12 or the output of the first motor/gener- 
ator 16 may act on the output member 18, whereby 
there may arise a drive force to move the vehicle upon 
starting of the engine 12. unexpectedly to the vehicle 
operator and passengers. In the present hybrid drive 
device 10, however, the first motor/generator 16 is oper- 
ated in step S3 only when the braking brake 52 is in the 
operated state. That is. the engine 12 is started by the 
first motor/generator 16 only when parking brake is 
applied to the vehicle, so as to prevent unexpected 
movement of the vehicle upon starting of the engine 12, 
which would give a discomfort to the vehicle operator 
and passengers. -~ 

In the illustrated first embodiment, the operation of 
the parking brake 52 is detected by the PARKING 
BRAKE switch 44 which is adapted to detect the oper- 
ated position of the parking brake operating member 54 
such as a parking brake lever. However, step 82 of the 
routine of Fig. 4 may be suitably modified, provided the 
step is formulated to determine whether parking brake 
is applied to the vehicle to hold the vehicle stationary. 
Where the motor vehicle has a shift lever or other shift 
position selecting means for placing the hybrid drive 
system 10 in a selected one of a plurality of positions 
including a parking position (P) and a drive position (D), 
the motor vehicle may be provided with a mechanical 
parking lock mechanism which is adapted to lock the 
power transmission system, more specifically, lock a 
parking lock gear provided in the power transmission 
path, when the shift position selecting means is oper- 
ated to the parking position. In this case, the PARKING 
BRAKE switch 44 may be replaced by a detector 
adapted to detect the activation of the mechanical park- 
ing lock mechanism, namely, the operation of the shift 
position selecting means to the parking position. 

Since the vehicle is held stationary as long as the 
ring gear 20r of the distributing mechanism 20 is locked 
or held stationary. For example, the ring gear 20r can be 
locked by using a hydraulically operated friction brake 
48 of multiple-disk type as shown in Fig. 5, according to 
a second emtx)diment of this invention. The friction 
brake 48 is adapted to fix the output member 18 to a 
stationary housing 50 of the hybrid drive system 10. In 
this second embodiment, an engine start control routine 
illustrated in the flow chart of Fig. 6 Is executed. This 
routine includes does not include a step of determining 
whether the vehicle is parked with the parking brake 52 
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in the operated position, but includes step Q2 in which 
the friction brake 48 is actuated to lock the output mem- 
ber 18 to thereby lock the ring gear 20r. Step Q2 is fol- 
lowed by step Q3 similar to step S3, to operate the first 
motor/generator 16 for starting the engine 12. This sec- 5 
ond embodiment of Figs. 5 and 6 eliminates a need for 
the vehicle operator to actuate the parking brake 52 by 
operating the parking brake operating member 54. and 
thus reduces a load on the vehicle operator This 
embodiment does not require controlling the second 10 
motor/generator 22 so as to hold the vehicle stationary 
upon starting the engine 12, as in a third embodiment of 
Fig. 7 which will be described. Accordingly, the engine 
start control according to the second embodiment of 
Figs, 5 and 6 is simplified, and is available even when 75 
the second motor/generator 22 is inoperable due to 
shortage of the electric energy stored in the storage 
device 40 (which is therefore charged by starting the 
engine 12) or due to the shift position selecting means 
placed in the neutral position. In the hybrid drive system 20 
of the present second embodiment wherein the second 
motor/generator 33 is mechanically connected to the 
drive wheels, as indicated in Fig. 5, the second 
motor/generator 22 is inoperable or placed in the NON- 
LOAD state when the drive system is placed in the neu- 2s 
tral or parking position. 

It will be understood that a portion of the controller 
42 assigned to implement step Q3 constitutes engine 
starting means for starting the engine 12 by operation of 
the first motor/generator 16 to crank the engine 12 30 
through the distributing mechanism 20, while a portion 
of the controller 42 assigned to implement step Q2 and 
the friction brake 48 cooperate to constitute drive force 
variation restricting means for restricting a variation in 
the vehicle drive force upon starting of the engine 12. 35 
more specifically, engine start braking means for 
mechanically braking the vehicle wheels prior to starting 
of the engine 12. 

The third embodiment of Fig. 7 indicated above 
does not use the friction brake 48, and the engine start 40 
control routine does not include a step of determining 
whether the vehicle is parked, but includes step R2 in 
which the torque values of the first motor/generator 16 
and the second motor/generator 22 are controlled to 
prevent a movement of the vehicle upon starting of the 45 
engine 12. Described in detail, the engine 12 is cranked 
and started by operation of the first motor/generator 16, 
while the second motor/generator 22 is controlled to off- 
set a drive force due to a reaction force generated by 
the operation of the first motor/generator 1 6 for thereby so 
holding the vehicle stationary upon starting of the 
engine 12. The torque values or electric current values 
of the motors 16. 22, and the operation timing thereof 
are empirically determined by experimentation so as to 
permit stable starting or firing of the engine 12, and are 55 
stored in the memory device 46. This third embodiment 
of Fig. 7 adapted to start the engine 12 while holding the 
vehicle stationary by controlling the first and second 
motors 16, 22 does not require the vehicle operator to 


operate the parking brake operating member 54 and 
accordingly reduces a load on the vehicle operator, 
whereby the hybrid drive system is simplified and avail- 
able at a reduced cost owing to the elimination of the 
friction brake 48. 

It will be understood that a portion of the controller 
42 assigned to implement a part of the step R2 
assigned to control the first motor generator 16 consti- 
tutes the engine starting means, while a portion of the 
controller 42 assigned to implement a part of the step 
R2 assigned to control the second motor/generator 22 
constitutes the drive force variation restricting means, 
more precisely, engine start motor control means for 
controlling the second motor/generator 22 so as to off- 
set a drive force due to a reaction force generated by 
the operation of the first motor/generator 16 upon start- 
ing of the engine 12 by the engine starting means. 

The third embodiment of Fig. 7 is capable of start- 
ing the engine 12 only only when the vehicle is held sta- 
tionary, but also during running of the vehicle, for 
example, in the MOTOR DRIVE mode in which only the 
second motor/generator 22 is operated as the drive 
power source for driving the vehicle. In the MOTOR 
DRIVE mode, the engine 12 can be started through the 
distributing mechanism 20. by a regenerative braking 
torque generated by the first motor/generator during 
free rotation thereof in the reverse direction, by operat- 
ing the first motor/generator 16 in the forward direction. 
In this case in which a part of the output of the second 
motor/generator 22 is consumed by the engine 12. the 
second motor/generator 22 is operated so as to pro- 
duce an output which is larger than the power required 
to drive the vehicle, so that the engine 12 is cranked for 
starting by surplus power which is the output of the sec- 
ond motor/generator 22 minus the required power. By 
so controlling the second motor/generator 22. it is pos- 
sible to absorb or prevent a vehicle drive force variation 
due to starting of the engine 12. 

Referring to Figs. 8 and 9, there will be described a 
fourth embodiment of this invention in the form of a 
hybrid drive system 58 in which the engine 12, first 
motor/generator 16, distributing mechanism 20 and 
second motor/generator 22 are operatively connected 
to each other, as in the first embodiment of Rg. 2. How- 
ever, the arrangement of these components in the 
hybrid drive system 58 is different from that in the hybrid 
drive system 10 of the first embodiment. Described 
more specifically, the first motor/generator 16 and the 
second motor/generator 22 are disposed on the axiaily 
opposite sides of the distributing mechanism 20. and 
the damper 14 and the engine 12 are disposed on one 
side of the first motor/generator 16 which is remote from 
the distributing mechanism 20. Between the distributing 
mechanism 20 and the first motor/generator 16. there is 
disposed a sprocket 60 integrally connected to the ring 
gear 20r. The sprocket 60 is connected to a speed 
reducer 64 through a chain 62. In his fourth embodi- 
ment, the sprocket 60 functions as an output member 
operatively connected to the vehicle drive wheels. 
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The speed reducer 64 is of parallel 2-axes type hav- 
ing a rotary shaft 66 which is provided with a parking 
lock gear 70 of a mechanical parking lock mechanism 
68. When shift position selecting means in the form of a 
shift lever 72 is operated to a parking position (P). a 
parking lock pawl 74 of the parking lock mechanism 68 
is brought into engagement with the parking lock gear 
70. thereby locking the rotary shaft 66, and conse- 
quently locking the differential gear device 34 con- 
nected to the rotary shaft 66 through gears, whereby 
vehicle drive wheels 76 are locked. The parking lock 
pawl 74 is mechanically connected to the shift lever 72 
through a cable and a link mechanism, so that a pivotal 
movement of the shift lever 72 causes a pivotal move- 
ment of the parking lock pawl 74 for engagement with 
the parking lock gear 70 connected to the rotary shaft 
66 of the speed reducer 64. 

The controller 42 receives output signals of vehicle 
speed detecting means 78, accelerator operation 
detecting means 82 and SOC detecting means 84. The 
output signals of the detecting means 78, 80, 82, 84 
respectively represent a vehicle running speed V, a cur- 
rently selected position of the shift lever 72 (of the hybrid 
drive system 58), an amount of operation of an acceler- 
ator pedal 86 and an amount of electric energy SOC 
stored in the electric energy storage device 40. The 
vehicle speed detecting means 78 may be adapted to 
detect the rotating speed of a selected rotary member 
such as the second motor/generator 22, which can be 
used to calculate the vehicle running speed V. The shift 
lever 72 has a plurality of operating positions including 
the above-indicated parking position (P), a fonward- 
drive position (D). a reverse-drive position (R), and a 
neutral position (N) in which the hybrid drive system 58 
does not provide a drive force in principle. The acceler- 
ator operation detecting means 82 generates an idling 
signal as well as the signal representative of the opera- 
tion amount of the accelerator pedal 86 (which repre- 
sents the output of the hybrid drive system 58 currently 
required by the vehicle operator). The idling signal is 
generated when the operation amount of the accelera- 
tor pedal 86 is zero, namely, when the hybrid drive sys- 
tem 58 is in an idling state. 

As in the preceding embodiments, the controller 42 
controls the motor/generator 1 6 and motor/generator 22 
through the respective M/G control units 36. 38. so as to 
start the engine 12. The controller 5=42 also controls an 
electrically controlled hydraulic device 88 including an 
electrically operated pump, so as to control the hydrau- 
lically operated friction brake 48 so that the rotor 22r 
and the sprocket 60 are locked to hold the vehicle sta- 
tionary when the friction brake 48 is engaged. The fric- 
tion brake 48 may be provided on a suitable rotary 
member which rotates with the drive wheels 76 or idler 
wheels. For example, the friction brake 48 may be pro- 
vided on the speed reducer 64. The friction brake 48 
may be replaced by replaced by wheel brakes 90 gener- 
ally provided for braking the drive wheels 76 or idler 
wheels of the vehicle. 


Referring to the flow chart of Fig. 9. there will be 
explained an engine start control routine for starting the 
engine 12 under the control of the controller 42. This 
routine is initiated with step SA1 to determine whether 

5 the ENGINE START command is present. If an affirma- 
tive decision (YES) is obtained in step SA1, the control 
fbw goes to step SA2 to determine whether the shift 
lever 72 is placed in the parking position (P). This deter- 
mination is effected on the basis of the output signal of 

10 the shift position detecting means 80. If an affirmative 
decision (YES) is obtained in step SA2, the control flow 
goes to step SA3 similar to step S3, to operate the first 
motor/generator 16 for cranking and starting (firing) the 
engine 12. In this condition in which the mechanical 

15 parking lock mechanism 68 is actuated to lock the vehi- 
cle with the shift lever 72 placed in the parking position 
(P). the vehicle will not be moved by a drive force gener- 
ated upon starting of the engine 1 2. It will be understood 
that a portion of the controller 42 assigned to implement 

20 step SA3 constitutes the engine starting means, while 
the mechanical parking lock mechanism 68 functions as 
the drive force variation restricting means, and more 
specifically, the parking lock means for mechanically 
locking the vehicle wheels. 

25 If a negative decision (NO) is obtained in step SA2. 
the control flow goes to step SA4 to determine whether 
the shift lever 72 is placed in the neutral position (N). If 
an affirmative decision (YES) is obtained in step SA4. 
step SA5 is implemented to determine whether the vehi- 

30 cle running speed V is equal to or lower than a predeter- 
mined first threshold VI . This determination is effected 
based on the output signal of the vehicle speed detect- 
ing means 78. If an affirmative decision (YES) is 
obtained in step SA5. the control flow goes to step SA6 

35 to actuate the hydraulic device 88 for delivering a pres- 
surized working fluid to the friction brake 48 for engage- 
ment thereof. Then, step SA3 is implemented to start 
the engine 12. If a negative decision (NO) is obtained in 
step SA5, the control flow goes directly to step SA3 

40 while skipping step SA6. The friction brake 48 may be 
relatively rapidly engaged in step SA6 if the vehicle 
speed V is substantially or close to zero. However, step 
SA6 is preferably formulated to slowly raise the pres- 
sure of the working fluid to be delivered to the friction 

45 brake 48 if the vehicle speed V is relatively high (if the 
vehicle is coating at a relatively high speed with the shift 
lever 74 placed in the neutral position), so that the fric- 
tion brake 48 is relatively slowly engaged to prevent a 
shock due to an abrupt brake by engagement of the fric- 

50 tion brake 48. 

When the shift lever 72 is placed in the neutral posi- 
tion (N). the second motor/generator cannot be oper- 
ated to offset a drive force due to the operation of the 
first motor/generator 1 6 to start the engine 12. However. 

55 when the vehicle speed V is not higher than the prede- 
termined first threshold VI, that is, when the vehicle is 
stationary or running at a sufficiently low speed, the fric- 
tion brake 48 is engaged to stop the vehicle in step SA6. 
before the engine 12 is started in step SA3, so that the 
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vehicle is prevented from moving by a drive force gener- 
ated upon starting of the engine 12, unexpectedly to the 
vehicle operator. When the vehicle speed V is higher 
than the first threshold VI. that is. when the vehicle is 
coating at a relatively high speed, the engine 12 is 5 
started during running of the vehicle. In this case, the 
vehicle drive force may vary upon starting of the engine 
12; but the drive force variation during running of the 
vehicle will give a smaller degree of discomfort to the 
vehicle operator than when the vehicle is stationary or ^ 
the vehicle speed V is considerably low (i.e., not higher 
than the first threshold VI). In other words, the first 
threshold VI is determined to prevent or absorb a vehi- 
cle drive force variation due to starting of the engine 12 
during running of the vehicle, which would give a con- 75 
siderable degree of discomfort to the vehicle operator. It 
will be understood that a portion of the controller 42 
assigned to implement step SA6 constitutes the drive 
force variation restricting means, and more precisely, 
the engine start braking means, and that a portion of the 20 
controller 42 assigned to implement step SA5 consti- 
tutes inhibiting means for inhibiting an operation of the 
drive force variation restricting means when the vehicle 
speed is higher than a predetermined threshold. 

If a negative decision (NO) is obtained in step SA4. 25 
that is, the shift lever 72 is placed in the forward-drive 
position (D) or reverse-drive position (R), the control 
flow goes to step SA7 to determine whether the vehicle 
speed V obtained from the output signal of the vehicle 
speed detecting means 78 is equal to or lower than a 30 
predetermined second threshold V2. If an affirmative 
decision (YES) is obtained in step SA7. step SAB is 
implemented to determine whether the hybrid drive sys- 
tem 58 is placed in the idling state, that is. whether the 
operation amount of the accelerator pedal 86 repre- 35 
sented by the output signal of the accelerator operation 
detecting means 82 is substantially zero. If the vehicle 
speed V is not higher than the second threshold V2 and 
the operation amount of the accelerator pedal 86 is sub- 
stantially zero, the friction brake 48 is engaged in step 40 
SA6 before the engine 12 is started in step SA3. If the 
vehicle speed V is higher than the second threshold V2 
or the accelerator pedal 86 is depressed, the control 
flow goes to step SA9 to operate the second motor/gen- 
erator 22 so as to absorb or prevent a variation in the 45 
vehicle drive force due to the starting of the engine 12 in 
step SA3. It will be understood that a portion of the con- 
troller 42 assigned to implement step SA9 constitutes 
the drive force variation restricting means, more pre- 
cisely, engine start motor control means for controlling so 
the second motor/generator 22 so as to offset a drive 
force due to a reaction forge generated by the operation 
of the first motor/generator 16 upon starting of the 
engine 12. Step SA9 is implemented contemporane- 
ously with step SA3, so that the first motor/generator 1 6 55 
and the second motor/generator 22 are simultaneously 
controlled to start the engine 12 without a considerably 
vehicle drive force variation. 

When the vehicle speed V is not higher than the 


predetermined second threshold V2, that is, when the 
vehicle is stationary or running at a low speed, and 
when the accelerator pedal 86 is not depressed, the 
vehicle is stopped by operation of the friction brake 48 in 
step SA6 before the engine 12 is started, so as to pre- 
vent a movement of the vehicle by a drive force gener- 
ated upon starting of the engine 1 2, unexpectedly to the 
vehicle operator. When the vehicle speed V is higher 
than the second threshold V2, or when the accelerator 
pedal 86 is depressed, the engine 12 is started without 
operation of the friction brake 48. but the second 
motor/generator 22 is operated to absorb or prevent a 
vehicle drive force variation due to starting of the engine 
12 by operation of the first motor/generator 16. Accord- 
ingly, the engine 12 can be started without giving a dis- 
comfort to the vehicle operator. The second threshold 
V2 may be lower than the first threshold VI . 

There is shown in Fig. 10 a hybrid drive system 100 
constructed according to a fifth embodiment of the 
present invention, which is provided with an engine 
starter motor 102 connected to a crankshaft of the 
engine 12. so that the engine 12 can be started by the 
engine starter motor 102, without a rotary motion being 
transferred to the engine 12 through the distributing 
mechanism 20. The engine starter motor 102 is pow- 
ered by an electric energy storage device 1 04 of low- 
voltage type (e.g. 1 2V) generally provided on a common 
engine-driven vehicle as a power source for starting the 
engine. The storage device 104 has external terminals 
provided for easy connection through a booster cable to 
an electric energy storage device (battery) provided on 
a common engine-drive vehicle, when the electric 
energy stored in the storage device 104 is not sufficient 
for operating the engine starter motor 102 to start the 
engine 12. Since the engine 12 can thus be started by 
the motor starter motor 102, the high-voltage type elec- 
tric energy storage device 40 can be charged by opera- 
tion of the first motor/generator 16 by the engine 12, 
even when the storage device 104 is not initially suffi- 
ciently charged. If the high-voltage type storage device 
40 is not charged enough to operate the first motor/gen- 
erator 16 to start the engine 12, the storage device 40 
cannot be charged by operation of the first motor/gener- 
ator 16 by the engine 12 since the engine 12 cannot be 
started. In this case, the high-voltage storage device 40 
should be charged by a special device for high-voltage 
application. The low-voltage storage device 104 is con- 
nected to the first motor/generator 16 and the high-volt- 
age storage device 40 through a suitable voltage 
converter device, so that the electric energy may be 
supplied between the storage devices 40. 1 04. The stor- 
age device 104 may be used for an optionally provided 
device such as an air conditioner. 

In the hybrid drive system 100, the engine 12 is 
started by the engine starter motor 102 while the first 
motor/generator 16 is placed in the NON-LOAD or 
FREE state. Thus, the engine 12 can be started without 
a vehicle drive force variation, at any time except when 
the first motor/generator 16 is in a motoring state in 
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which the first motor/generator 16 is operated to prevent 
excessive rotation of the pinion of the distributing mech- 
anism 20 during running of the vehicle in the forward- 
drive position (D). Table in Fig. 11 indicates operating 
states of the first motor/generator 16. second 5 
motor/generator 22 and engine starter motor 102 when 
the engine 1 2 is started in different running conditions of 
the vehicle with the shift lever placed in the parking, 
neutral and forward-drive positions (R N, D). When the 
first motor/generator 16 is in the motoring state, the w 
engine 12 is rotated by the motor 16, so that the engine 
12 can be fired by injecting a fuel into the engine. In the 
Table of Fig. 11, an indication "NO SPECIAL CON- 
TROL" of the second motor/generator 22 means that no 
special control of the second motor/generator 22 is 15 
required for starting the engine 12. 

Referring to the flow chart of Fig. 12, an engine 
start control routine in the fifth embodiment of Fig. 10 
will be described. The routine is initiated with step SB1 
similar to step SI. to determine whether the ENGINE 20 
START command is present. If an affirmative decision 
(YES) is obtained in step SB1 , the control flow goes to 
step SB2 to determine whether the first motor/generator 
16 is in the motoring state. If an affirmative decision 
(YES) is obtained in step SB2. it means that the engine 2£ 
12 is running without combustion of a fuel. In this case, 
the routine is terminated. If a negative decision (NO) is 
obtained in step SB2, that is, if the first motor/generator 
16 is in the NON-LOAD or FREE state, the control flow 
goes to step SB3 to operate the engine starter motor 30 
102 to crank and start the engine 12. 

In the hybrid drive system 100, the engine 12 is 
started by the engine starter motor 102 while the first 
motor/generator 16 is in the NON-LOAD or FREE state, 
so that the first motor/generator 16 is rotated with a 3S 
rotary motion of the engine 12, whereby a drive force 
will not be transferred to the output member 18 and the 
vehicle drive wheels. Thus, the engine 12 can be 
started by the engine starter motor 102, without a vehi- 
cle drive force variation unexpected to the vehicle oper- 40 
ator, when the vehicle is running as well when the 
vehicle is stopped or parked. 

It will be understood that a portion of the controller 
42 assigned to implement step SB3 constitutes the 
engine starting means. 45 

It is noted that the engine 12 can be started by 
using both the engine starter motor 102 and the first 
motor/generator 16. In this case, however, it is desirable 
to prevent a vehicle drive force variation by holding the 
vehicle stationary by actuating the parking brake 52. so 
mechanical parking lock mechanism 68 or friction brake 
48. as provided in the preceding embodiments, or by 
operating the second motor/generator 22 so as to pre- 
vent or absorb the vehicle drive force variation. The 
hybrid drive system 100 may be adapted to normally 55 
use predetermined one of the engine starter motor 102 
and the first motor/generator 16. and to use the other 
alone or use both of the engine starter motor 102 and 
the first motor/generator 16 if the engine 12 cannot be 


started by the predetermined one of the engine starter 
motor 102 and the first motor/generator 16. Where the 
engine starter motor 102 is used only when the high- 
voltage storage device 40 is not sufficiently charged, the 
capacity and size of the engine starter motor 102 can be 
reduced for reducing the cost and the required installa- 
tion space, provided that the engine starter motor 1 02 is 
able to start the engine 12, which is then used to oper- 
ate the first motor/generator 1 6 for charging the storage* 
device 40. The engine starter motor 102 can be oper- 
ated by an electric energy supplied from another vehi- 
cle. 

Referring next to Figs. 13-15, there will be 
described a hybrid drive system 1 1 0 according to a sixth 
embodiment of this invention. This hybrid drive system 
1 10 is identical with the hybrid drive system of the sec- 
ond embodiments of Figs. 5 and 6. except for a clutch 
112 disposed between the intermediate shaft 28 and 
the small gear 32 for selective connection and discon- 
nection therebetween. Table of Fig. 14 indicates the 
operating states of the first motor/generator 16, second 
motor/generator 22 and clutch 112 when the engine 12 
is started in the different positions (P. N, D) of the shift 
lever. The engine 12 is started according to an engine 
start control routine illustrated in the flow chart of Fig. 
15. In the present sixth embodiment wherein the clutch 
1 12 is provided in the power transmitting path between 
the second motor/generator 22 and the drive wheels, 
the second motor/generator 22 is held in an active state 
even when the shift lever is placed in the parking or neu- 
tral position (P, N). Therefore, the torque of the second 
motor/generator 22 can be controlled by regulating the 
electric current, for example, even in the parking or neu- 
tral position (P. N), as in the forward-drive position (D). 

The engine start control routine of Fig. 15 is initi- 
ated with step SCI similar to step SI. to determine 
whether the ENGINE START command is present. If an 
affirmative decision (YES) Is obtained in step SCI, the 
control flow goes to step SC2 to determine whether the 
shift lever is placed in the parking or neutral position (P, 
N). If an affirmative decision (YES) is obtained in step 
SC2, step SC3 is implemented to release the clutch 1 1 2 
for disconnection of the power transmitting path, and 
then step SC4 is implemented to control the outputs of 
the first motor/generator 16 and the second motor/gen- 
erator 22, for starting the engine 12. In this case, the 
first motor/generator 16 and the second motor/genera- 
tor 22 are controlled in one of three modes as indicated 
in Fig. 14. In the first mode, the first motor/generator 16 
and the second motor/generator 22 are both operated in 
the fonward direction. In the second mode, the first 
motor/generator 16 Is operated in the forward direction, 
while the second motor/generator 22 is controlled (e.g., 
by regenerative braking) to be locked. In the third mode, 
the second motor/generator 22 is operated in the for- 
ward direction, while the first motor/generator 16 is con- 
trolled (e.g., by regenerative braking) to be locked. 

The vehicle is generally stationary with the shift 
lever placed in the neutral or parking position. In this 
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case, the engine 12 is started by first releasing the 
clutch 112 to disconnect the power transmitting path, 
and then controlling the first motor/generator 16 and the 
second motor/generator 22, so that the engine 12 can 
be started without a vehicle drive force variation unex- 5 
pected to the vehicle operator. 

It will be understood that a portion of the controller 
42 assigned to implement steps SC3 and SC4 consti- 
tutes the engine starting means. 

If a negative decision (NO) is obtained in step SC2, 10 
the control flow goes to step SC4 to determine whether 
the shift lever is placed in the forward-drive position. If 
an affirmative decision (YES) is obtained in step SC5. 
step SC6 is implemented to engage the clutch 1 12 for 
connecting the power transmitting path, and step SC7 is 15 
then Implemented to operate the first motor/generator 
16 in the fonward direction to start the engine 12. In this 
respect, it is noted that the forward rotation of the first 
motor/generator 1 6 is interpreted to include application 
of a forward torque or a regenerative braking torque to 20 
the first motor/generator 16 during reverse rotation 
thereof. Step SC7 may be modified to control the torque 
of the second motor/generator 22 so as to absorb a 
vehicle drive force variation upon starting of the engine 
12, as in step SA9 in the fourth embodiment of Figs. 8 25 
and 9, The content of step SC7 may be changed 
depending upon whether the vehicle is stationary or 
running. Further, the engine 12 may be started with the 
clutch 112 placed in the released position, even when 
the shift lever is in the forward-drive position, as in the 30 
neutral or parking position. 

The clutch 112 Is preferably a hydraullcally oper- 
ated friction clutch. However, the clutch 112 may use an 
axially sliding member for connecting and disconnecting 
two gears. The clutch 1 1 2 may be disposed at any suit- 35 
able position in the power transmitting path between the 
output member 18 and the vehicle drive wheels, for 
example, between the intermediate shaft 28 and the 
large gear 30, or between the output member 18 and 
the output gear 26. 4o 

A hybrid drive system 120 according to a seventh 
embodiment of the invention will be described by refer- 
ence to Figs. 16 and 17. The hybrid drive system 120 
includes the engine starter motor 102 as provided in the 
hybrid drive system 1 00 of Fig. 10 and the clutch 1 1 2 as 45 
provided in the hybrid drive system 110 of Fig. 13. 
Where the engine starter motor 102 is used as an 
assisting motor, a motor assisting routine illustrated in 
the flow chart of Fig. 17 Is executed prior to an engine 
start control routine, which Is Identical with the routine of so 
Fig. 15 except for the elimination of step SCI. This 
motor assisting routine is initiated with step SDI to 
determine whether the ENGINE START command is 
present. If an affirmative decision (YES) Is obtained in 
step SDI, the control flow goes to step SD2 to deter- 55 
mine whether the first motor/generator 16 cannot be 
operated due to Insufficient electric energy stored in the 
storage device 40. or the torque of the motor/generator 
16 is insufficient. If a negative decision (NO) is obtained 


in step SD2. the control flow goes directly to step SC2 of 
the engine start control routine. If an affirmative deci- 
sion (YES) is obtained in step SD2. the control flow 
goes to step SD3 to generate a command to operate the 
engine starter motor 102 to assist the first motor/gener- 
ator 16 in step SC4 or SC7. 

It will be understood that a portion of the controller 
42 assigned to implement steps SD2 and SD3 consti- 
tutes motor assisting means for operating the engine 
starter motor 102 to assist the motor/generator 16 and 
motor/generator 22 for starting the engine 12 when the 
vehicle Is In a predetermined condition, namely, when 
the engine 12 cannot be started by the first motor first 
motor/generator 16. 

The present seventh embodiment may be adapted 
to release the clutch 112 when the shift lever is placed 
in the neutral or parking position (N. P), and engage the 
clutch when the shift lever is placed in the forward-drive 
position (D), as in the sixth embodiment of Figs. 13-15. 
and start the engine 12 by using the engine starter 
motor 102 except when the first motor/generator 16 is in 
the motoring state, as In the fifth embodiment of Figs. 
10-12. In the present seventh embodiment, too, the first 
motor/generator 16 and the second motor/generator 22 
may be controlled as indicated in Fig. 11 or 14 

While the presently preferred embodiments of this 
Invention have been described above by reference to 
the accompanying drawings for illustrative purpose only, 
it is to be understood that the invention is not limited to 
the details of the Illustrated embodiments, but may be 
otherwise embodied. 

While the hybrid drive systems of the Illustrated 
embodiments use the intermediate shaft 28 and speed 
reducer 64 or only the speed reducer 64 for reducing 
the speed of the output member 18 or sprocket 50. the 
hybrid drive system according to the Invention may 
include any other power transmitting mechanism or 
mechanisms, for example, a transmission having a plu- 
rality of speed rations, such as parallel two-axes type or 
planetary gear type transmission, or a continuously var- 
iable transmission such as a belt-and-pulley type trans- 
mission, and/or a fonward-reverse switching mechanism 
having forward-drive and reverse-drive positions. 

The arrangement of the engine 12, first motor/gen- 
erator, distributing mechanism 20 and second 
motor/generator 22 may be modified as needed. 

It Is to be understood that the present invention may 
be embodied with various other changes, modifications 
and improvements which may occur to those skilled In 
the art. in the light of the foregoining teachings. 

Claims 

1 . A hybrid drive system for a motor vehicle, including 
an engine (12) operated by combustion of a fuel, a 
first motor/generator (16), a distributing mechanism 
(20) for mechanically distributing an output of the 
engine to the first motor/generator and an output 
member (18, 60). a second motor/generator (22) 
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whose rotary force is transferred to a power trans- 
mitting path between the output member and a 
drive wheel (76) of the motor vehicle, said hybrid 
drive system being characterised in that: 

engine starting means (42. S3. Q3, R2, SA3) 5 
is provided for operating said first motor/generator 
(16) to crank said engine (12) through said distrib- 
uting mechanism (20), for thereby starting said 
engine (12). 8. 


2. A hybrid drive system according to claim 1 , wherein 
drive force variation restricting means (42. 48, 52. 
68. Q2. R2, SA6, SA9) is provided for restricting a 
variation in a vehicle drive force due to a reaction 
force which acts on said output member (18, 60) 
upon starting of said engine (12) by said engine 
starting means (42, S3. Q3. R2, SA3). 


IS 


3. A hybrid drive system according to claim 2. wherein 
said drive force variation restricting means com- 20 
prises parking lock means (52. 68) for mechanically 
locking said drive wheel (76) by manipulation of an 
operator's controlled operating member (54, 72). 

4. A hybrid drive system according to claim 2. wherein 2s 
said drive force variation restricting means com- 
prises engine start motor control means (42, R2, 
SA9) for controlling said second motor/generator 
(22) so as to offset said variation in the vehicle drive 
force upon starting of said engine (12) by said 30 
engine starting means (42, R2, SA3). 

5. A hybrid drive system according to claim 2. wherein 
said drive force variation restricting means com- 
prises engine start braking means (42, 48. Q2, 35 
SA6) for automatically mechanically braking said 
drive wheel (76) prior to starting of said engine (12) 
by said engine starting means (42, Q2, SA3). 

6. A hybrid drive system according to any one of 4o 
claims 2-5. wherein means (42, SA5) is provided for 
inhibiting an operation of said drive force variation 10. 
restricting means (42. 48, 52, 68, Q2. R2. SA6, 

SA9) when a running speed of the motor vehicle Is 
higher than a predetermined threshold. 45 

7. A hybrid drive system for a motor vehicle, including 
an engine (12) operated by combustion of a fuel, a 
first motor/generator (16), a distributing mechanism 
(20) for mechanically distributing an output of the so 
engine to the first motor/generator and an output 
member (18), a second motor/generator (22) 
whose rotary force is transferred to a power trans- 
mitting path between the output member and a 
drive wheel of the motor vehicle, said hybrid drive ss 
system being characterised by comprising: 


engine starting means (42. SB3) for operating 
said engine starter motor to crank said engine 
(12) without a rotary motion being transferred 
to said distributing mechanism (20) and while 
said first motor/generator (16) is placed in a 
non-load state, for thereby starting said engine 
(12). 

A hybrid drive system for a motor vehicle, including 
an engine (12) operated by combustion of a fuel, a 
first motor/generator (16). a distributing mechanism 
(20) for mechanically distributing an output of the 
engine to the first motor/generator and an output 
member (18), a second motor/generator (22) 
whose rotary force is transferred to a power trans- 
mitting path between the output member and a 
drive wheel of the motor vehicle, said hybrid drive 
system being characterised by comprising: 

a clutch (112) disposed between said output 
member (18) and said drive wheel and having 
an engaged position for connecting said output 
member to said drive wheel and a released 
position for disconnecting said drive wheel 
from said output member; and c 
engine starting means (42, SC3. SC4, SD2, 
SD3) for operating at least one of said:: first 
motor/generator (16) and said second 
motor/generator (22) to crank said engine"(12) 
while said clutch Is placed in said released 
position, for thereby starting said engine (1 2). 

A hybrid drive system according to claim 8, further 
comprising an engine starter motor (102) for start- 
ing said engine (12). and motor assisting means 
(42. SD2. SD3) for operating said engine starter to 
assist said at least one of said first motor/generator 
(16) and said second motor/generator (22) to start 
said engine (12) when the motor vehicle is in a pre- 
determined condition. 

A hybrid drive system according to claim 9, wherein 
said motor assisting means operates said engine 
starter motor (102) when said engine (12) cannot 
be started by said at least one of said first 
motor/generator (16) and said second motor/gener- 
ator (22). 


an engine starter motor (102) for starting said 
engine (12); and 
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